Field experiments on the susceptibility of onion to thrips infestation were carried out in 2012 and 2013. The investigation used 18 cultivars and 5 breeding lines of Allium cepa, and the species A. fistulosum and A. roylei. In 2012 A. fistulosum was one of the most infested plants, whereas in 2013 infestation was no more than average. The most infested cultivars of A. cepa were 'Efekt', 'Alonso F1', 'Alibaba' and 'Wama' and the 'NOE5' breeding line. In 2012 the extent of damage ranged from 12 to 55%, in 2013 from 20 to 30%. The 'NOE2', 'NOE3' and 'Wama' cultivars were the most seriously damaged by thrips. Leaf damage to A. fistulosum was minimal. No damage was caused to the wild species A. roylei by feeding onion thrips.
INTRODUCTION
Onions are grown in Poland over a fairly large area. They are the third most commonly cultivated field vegetable in the country, making up approximately 16.2% of the vegetables grown there. Nonetheless, its production has further increased and currently amounts to approximately 670 thousand tonnes per year, putting Poland in third place in Europe after Spain (1.1 million tonnes) and the Netherlands (883 thousand tonnes) (CSOP 2012).
(commercial seeds) and Allium roylei (seeds from gene bank). The surveys were carried out from 17 June to 23 August 2012, and from 19 June to 28 August 2013. In both years onion seeds were sown in early April, on 3 x 4 m (12 m 2 ) plots. In 2012, it was not possible to perform the survey on A. roylei owing to its very poor emergence. Throughout the studies on the experimental plots no chemical treatments were employed, and weeds were removed by hand.
The susceptibility of the test species, cultivars and breeding lines of onion to thrips colonization was determined from the number of pests caught using standard entomological sweep nets and specimens collected from 10 randomly selected plants. Each individual sampling event consisted of 25 sweeps with the nets in a single test plot. Sweeps were carried out in the afternoon hours of a sunny day throughout the growing season at intervals of around two weeks: POBOŻNIAK & KOSCHIER (2013) reported that the highest activity of Thrips tabaci occurs at this time. The material collected was preserved in ethanol and microscope slides were prepared according to the methodology specified by ZAWIRSKA (1994). Taxonomic identification was based on the key by ZAWIRSKA (1994) .
In order to determine the degree of injury to the surface of leaf stems, 10 onion plants were harvested from each plot. Then, three leaves were collected from the plants (the oldest leaf, a leaf of intermediate age and the youngest leaf) and a 10 cm long segment was excised from the centre of each leaf. The proportion of injured leaf area in each segment was estimated as a percentage.
RESULTS
Throughout the growing season, polyphagous species on the onion plants primarily consisted of two polyphagous species of thrips such as Thrips tabaci, Frankliniella intonsa (TRYBOM, 1895) and one predatory species, Aeolothrips intermedius BAGNALL, 1934. The species preying on and causing damage to the onion was Thrips tabaci. Individual years differed in terms of the number of thrips caught by sweeping and collected from 10 randomly selected plants (Table 1) . In 2012, the highest number of thrips caught in sweep nets was on Aeolothrips fistulosum (296 individuals/plot). The cultivars of Allium cepa most seriously infested by thrips were 'Efekt' (241 thrips/plot), 'Alonso F1' ,'Alibaba' and 'Wama' (202 thrips/plot) and the 'NOE5' breeding line ( Table 2 ). The smallest numbers of thrips were collected from the 'NOE1' breeding line and the 'Tęcza' cultivar (<100 individuals / plot) ( Table 2 ). In the second year of the study, the 'Bila' cultivar and 'NOE5' breeding line were most affected by Thrips tabaci (over 200 individuals / plot) ( Table 2 ). The lowest numbers of T. tabaci were recorded on the 'Santero F1' (17 inds./plot), 'Kristine', 'Densidor', 'Tęcza' and 'Alibaba F1' (29 inds./plot) cultivars In the second year of the study the level of infestation of Allium fistulosum was average (121 inds./plot) ( Table 2 ).
The dynamics of onion thrips populations are exemplified by selected species, cultivars and breeding lines, characterized by the highest and lowest levels of plant colonization by the pest (Fig. 1, 2) . In 2012, the first specimens of Thrips tabaci appeared on June 17 on both tested species of the genus Allium sp., cultivars and breeding lines of A. cepa. The number of T. tabaci on the plants gradually increased. The population of this pest peaked in the first four days of July on the 'Efekt' cultivar (98 specimens/plot) and the 'NOE5' breeding line (64 specimens/plot); the peak on Aleothrips fistulosum occurred a week later (76 specimens/plot) ( Fig. 1 ). In the following two weeks, these cultivars were colonized by onion thrips to a lesser extent and their abundance up to the end of August remained at the level of a few to 40 individuals per plot ( Fig. 1) . Conversely, in the less populated 'Tęcza' cultivar and the 'Wolska' and 'NOE1' breeding lines, the mid-June to mid-July population of thrips ranged from 10 to 32 individuals/plot; up to the end of the growing season this figure gradually decreased to single thrips per plot (Fig. 1) .
The population dynamics of Thrips tabaci on the most susceptible onion cultivars in 2013 is illustrated in Fig. 2 . The first specimens were collected from the breeding lines 'NOE5' and the cultivar 'Bila' (on June 19), while the 'Polanowska' cultivar was found up to two weeks later. The thrips population remained at a low level until mid-July. An increase in the number of thrips to about 30 specimens/plot took place in the final ten days of July. Renewed growth, albeit different for the cultivars described, took place in the first week of August. In this period the T. tabaci population increased from 38 specimens/plot (breeding line 'NOE5') to 83 specimens/plot (for the 'Polanowska' cultivar). In midAugust the number of thrips on the 'Polanowska' and 'Bila' cultivars decreased; only in the case of the NOE 5 breeding line was a re-growth observed, from 5 to 42 individuals/plot (Fig. 2) . Conversely, in the same year, the maximum number of onion thrips on the cultivars less attractive these insects did not exceed 7 individuals per plot ('Densidor' cultivar) (Fig. 2) . These results indicate that onion cultivars differ in the degree of occupation and susceptibility to feeding by Thrips tabaci. Onion thrips cause damage to the surface of the leaves of onion chives throughout the growing season. Clearly, the breeding lines most damaged by thrips in 2012 were NOE2 and the 'Efekt', 'Wama' and 'Alonso F1' cultivars, where the degree of injury ranged from 49 to 55% (Table 3 ). In contrast, the smallest and similar degree of injury to stems were recorded on Allium fistulosum and the 'Hylander F1' cultivar (12-13% damage of leaves) (Table 3 ). In 2013, the most seriously damaged leaf stems were observed on the 'NOE2' and 'NOE3' breeding lines, and on the 'Sochaczewska', 'Santero F1' and 'Ławica' cultivars, the extent of injury to these leaves ranging from 33 to 37% (Table 3 ). The degree of leaf damage on the 'Density' cultivar and on A. fistulosum was low -from 18 to 20% (Table 3) . Though heavily populated during the growing season, the 'Bila' cultivar was in fact only slightly injured by Thrips tabaci (18 % of the leaf area injured) (Tables 2, 3 ). Larger numbers of onion thrips caught in sweep nets do not always reflect extensive damage to leaf surfaces. In 2012, for example, Allium fistulosum was very badly infested with Thrips tabaci, but damage to leaf surfaces was only minor. Furthermore, feeding onion thrips caused no damage to the wild species Allium roylei, even though they were harvested from that plant (Tables 2, 3 ).
DISCUSSION
The results indicate that onion plants are inhabited by three species of thrips during the growing season: two herbivorous ones (Frankliniella intonsa, Thrips tabaci) and a predatory one (Aeolothrips intermedius). Frankliniella intonsa is a polyphagous, common inhabitant of the flowers of various plants, Thrips tabaci is a common, polyphagous phytophage, feeding on both the green parts and the flowers, and Aeolothrips intermedius is a predatory species (ZAWIRSKA, 1994) . During research on the composition of thrips species on onion and leek, POBOŻNIAK et al. (2007) The number of specimens collected differed in 2012-2013. The much smaller numbers of thrips observed in the second year of the study were probably a result of the unfavourable weather conditions, which could have affected the development of populations of onion thrips. In comparison to the May and June of the previous year, these months were characterized by excessive rainfall, which prevented further plant growth (Table 4) . LIU (2004) and SELVARAJ & ADIROUBANE (2012) reported that cold and rainy weather significantly reduces the growth of thrips populations. Furthermore, MACINTYRE-ALLEN et al. (2005) state that the population dynamics of onion thrips also depend on the weather conditions prevailing during and preceding the population survey.
Of the species found on onion, probably only Thrips tabaci caused damage to this plant. During both years of the study, the first T. tabaci individuals were observed on the plots of all the onion cultivars between early and mid June. In 2012, the T. tabaci population reached its first peak on 4 and 12 July, whereas in 2013 it occurred on 3 August. Moreover, the study by POBOŻNIAK et al. (2007) in southern Poland showed that onions grown from seed show the largest increase in the number of T. tabaci recorded in the latter two thirds of August. NAWROCKA (2003) found that in central Poland onion thrips populations on onions reach their maximum in late July and early August.
There were sometimes very large differences between the number of thrips feeding on the leaves of the various species, cultivars and breeding lines. KENDALL & CAPINERA (1987) found that the presence of 10 Thrips tabaci individuals on a plant reduces the onion yield by 2-3%. FOUNIER et al. (1995) determined the threshold pest hazard level as 0.9 -2.2 individuals per leaf. RUEDA et al. (2007) indicated that farmers should apply an insecticide when infestation reaches levels of between 0.5 and 1.6 thrips per leaf. Our results indicate that in 2012 some of the cultivars tested were infested well above the harmfulness threshold. These included the 'Polanowska' and 'Wola' cultivars (very commonly grown in Poland), on which 55 and 47 specimens of T. tabaci / 10 plants were found. The 'Alibaba', 'Alonso F1', 'Efekt' and 'NOE3' cultivars were also close to the harmfulness threshold; over 30 individuals / 10 plants were collected from these plants (Table 3) . Therefore, it is recommended that these cultivars should be cultivated with great care and they that should be subjected to further tests.
The susceptibility of different cultivars to colonization and thrips grazing is often described in the literature (COUDRIET et al. 1979 , DIAZ-MONTANO et al. 2010 , TRDAN et al. 2008 . While finding the same differences in resistance between the tested cultivars is relatively easy, determining the causes of this phenomenon can be very difficult. Various studies on the resistance of onions to Thrips tabaci have also been conducted, and resistance has been linked to leaf structure and colour (FAIL et al. 2013 , HUDAK & PÉNZES 2004 , DIAZ-MONTANO et al. 2010 , TRDAN et al. 2004 . Resistance can be affected by factors such as the sugar and nitrogen levels in the leaves (ANANTHAKRISHNAN & GOPICHANDRAN 1993 , PANDA & KUSH 1995 .
The results presented here may provide a basis for further research to identify onion varieties recommended for cultivation in southern Poland. Planned future studies of morphological and biochemical variations (in terms of their different attractiveness to Thrips tabaci) may suggest possible lines of action for the cultivation of pest-resistant onions.
